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Background:  New  advances  in regenerative  surgery  may  increase  the  potential  for  rehabilitation  in the
injured  foot.
Objectives: A  clinical  prospective  observational  study  was  carried  out  to  assess  the  effectiveness  of lipoﬁll-
ing to improve  the  functional  recovery  of the injured  foot.
Methods:  Four  patients  with  anatomical–functional  impairment  following  repair  of post-traumatic  soft
tissue  loss  of  the  foot  were  involved  in  the  study.  All  of the  patients  complained  of pain  in  the  repaired
plantar  weight  bearing  area,  skin  instability,  recurrent  ulcerations  and  were  walking  on  crutches.
A combined  plastic  surgery  and  technical  orthopaedic  assessment  identiﬁed  the  plantar  areas  requiring
anatomical  changes  for load  redistribution.  Two  selective  sequential  lipoﬁllings  with  a  12  weeks’  time
interval  were  performed.  Manufacturing  of  custom-made  plantar  insoles  and/or  shoes  followed  each
surgical  procedure.
Results:  After  the  treatment  all  of  the  patients  progressively  recovered  both  a better  plantar  load  distri-
bution  and  a local  soft  tissue  stability,  referred  the  remission  of  chronic  pain  and discontinued  the  use  of
crutches.
Conclusion:  Lipoﬁlling  proved  to be an  effective  and  versatile  surgical  technique  for both  reconstructive
and  regenerative  purposes.  The  interaction  between  the  Plastic  Surgery  staff  and  the  Orthopaedic  Tech-
nician  outlined  a  successful  multidisciplinary  approach  model  for  the  rehabilitation  of  the  injured  foot.
Publis© 2014  The  Authors.  
. Introduction
The reconstruction of the plantar soft tissue of the foot remains
 complex and challenging undertaking as it traditionally relies
n ﬂaps and skin grafts [1] that often leave disabling after effects.
lthough ﬂaps provide a stable and effective reconstruction, scars
nd deformity are often the unavoidable price to pay for such a
hoice. On the other hand skin graft repair is not a satisfactory
herapeutical solution in the injured foot, too. Skin grafts are usu-
lly unstable in the long term, are not ﬁt for weight bearing and
nexorably undergo retraction with subsequent foot deformity.
ain is the common denominator of all of these after effects.
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alvatore Maugeri Research and Care Institute, Via Salvatore Maugeri, 10, 27100
avia, Italy. Tel.: +39 0382 592222; fax: +39 0382 592220; mobile: +39 338 5778146.
E-mail addresses: giovanni.nicoletti@unipv.it, giovanni.nicoletti@fsm.it
G. Nicoletti).
ttp://dx.doi.org/10.1016/j.foot.2014.02.003
958-2592/© 2014 The Authors. Published by Elsevier Ltd. This is an open access article unhed  by Elsevier  Ltd.  This  is  an open  access  article  under  the  CC  BY-NC-SA
license  (http://creativecommons.org/licenses/by-nc-sa/3.0/).
Orthopaedic Technicians are able to improve the functional per-
formance of a reconstructed foot with custom made plantar insoles
and/or shoes. Nevertheless manufacturing of such effective devices
is not possible in all of the clinical situations, as in case of severe
degree of residual anatomical and functional disruption and defor-
mity.
In our experience the limits of traditional post-reconstructive
rehabilitation of the injured foot was  overcome by the integration
of orthopaedic custom made devices and selective lipoﬁlling.
2. Materials and methods
Four male patients (age 33–71 years) were enrolled in the study
over a period of 3 years, from March 2008 to May  2009, at the Plastic
and Reconstructive Surgery Unit of the University of Pavia, Salva-
tore Maugeri Research and Care Institute, Pavia, Italy. All of the
patients had undergone repair of post-traumatic soft tissue loss of
the foot: three of them with a split thickness skin graft and one with
der the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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still appreciated. Therefore a second lipoﬁlling session was carriedFig. 1. Injection of centrifuged adipose tissue in the recipient site.
 cross-leg fascio-cutaneous ﬂap. They were in good general condi-
ions, had no history of metabolic, chronic skin and/or neurological
iseases and did not undergo pharmacological therapies poten-
ially or actually impairing the wound healing process; they also
ad no history of previous muscular-skeletal disease before injury.
ll of the patients complained of pain in the repaired plantar weight
earing area, local skin instability with recurrent ulcerations and
allus formation and were walking on crutches. At the time of clin-
cal enrolment the patients underwent a combined plastic surgery
nd technical orthopaedic assessment.
At this stage a podoscopic and podometric study of plantar foot-
rints was carried out using the mirror podoscope and the ink pad
ystem. Each patient was taken dynamic and static plantar foot-
rints in both feet in order to compare the injured foot with the
ealthy one. The study allowed for screening of both the plantar
eight bearing pattern and the sites of potential conﬂicts with
he shoe. The plantar footprint also allowed for identiﬁcation of
he metatarsal heads location, the key for planning the load re-
istribution. Such procedures allowed to identify the plantar areas
equiring the increase of weight bearing surface and tissue thick-
ning. This information was discussed with the surgical staff for
utlining of the appropriate operative planning.
Lipoﬁlling was carried out according to modiﬁed Coleman’s
echnique [2]. The fat grafts were harvested from the abdom-
nal subcutaneous tissue by using a local superwet saline plus
pinephrine (1/1 × 10−6) inﬁltration. Syringe liposuction was  car-
ied out using 1 mm blunt round tip cannulas [3]. The aspirated fat
as processed in a centrifuge at 1500/rpm for 2 min [4] to get the
ppropriate puriﬁed adipose fraction. A gentle meticulous lysis of
he scar tissue in the recipient sites was carried out with the blunt
ound tip cannulas through multiple punctiform skin incisions in
rder to create multiple subcutaneous tunnels crossing each other
n multiple planes. The puriﬁed adipose fraction was  injected in
mall amounts in a retrograde direction along these multiple sub-
utaneous tunnels (Fig. 1).
The patients were advised to avoid both dynamic and static
lantar weight bearing in the operated foot for 2 weeks after
urgery. A 30% partial dynamic and static plantar weight bearing
sing crutches and a soft sock was then allowed for the follow-
ng 2 weeks. At the end of this time, 4 weeks after the surgical
rocedure, a technical orthopaedic post-operative assessment was
cheduled for manufacturing of the custom-made plantar insoles
nd/or shoes. A progressive recovery of full dynamic and static
lantar weight bearing was then allowed within 2 weeks after
anufacturing of the custom made plantar insoles and/or shoes.
Adequate ﬁtting of the custom-made devices was  checked 4
eeks after full dynamic and static plantar weight bearing recoveryFig. 2. Case 1. Unstable ulceration on the site of a previous split thickness skin graft
on  the outer side of the right heel.
and requirements for a further lipoﬁlling were discussed with the
surgical staff.
Twelve weeks after the ﬁrst surgical procedure a second
lipoﬁlling session was  then carried out. The post-operative static
and dynamic plantar weight bearing protocol and the technical
orthopaedic procedures repeated the sequence of the ﬁrst stage.
Eventually the long term follow-up was  scheduled yearly once.
In our experience two  lipoﬁlling procedures could provide an
objective and subjective satisfactory result in all of the cases.
All of the patients signed informed consent forms for both the
surgical procedure and the medical photography.
The study was  carried out according to the declaration of
Helsinki and was  approved by the Plastic and Reconstructive
Surgery Unit of the University of Pavia, Salvatore Maugeri Research
and Care Institute, Pavia, Italy ethical committee.
2.1. Cases report
2.1.1. Case 1
A 33-year-old male patient presented with a 20 mm × 10 mm
unstable ulceration on the site of a previous split thickness skin
graft on the outer side of the right heel.
The patient referred a domestic accident occurred 15 years
before with post-traumatic soft tissue loss of the anterior two  thirds
of the right heel that was  repaired with a split thickness skin graft.
A thick hyperkeratosis was  appreciated along the margins of the
previously grafted area that appeared atrophic, stiff and retracted. A
relevant callus formation was  also appreciated in the plantar skin at
the level of the metatarsal heads together with a localized malleolar
oedema (Fig. 2). The patient was  walking on crutches because of the
local pain and therefore was  forced to a sedentary lifestyle since the
time of injury.
The patient underwent lipoﬁlling of the unstable skin grafted
area with 30 ml  of puriﬁed adipose fraction harvested from the
lower abdominal subcutaneous region. After manufacturing of a
custom made shoe at the end of the post-operative rehabilita-
tion protocol the patient progressively discontinued the use of the
crutches due to signiﬁcant reduction of the local pain. Ten weeks
post-operatively the skin graft appeared pliable, stable and trophic.
Nevertheless in the grafted heel a relevant surface depression wasout 12 weeks after the ﬁrst one with injection of 25 ml  of puriﬁed
adipose fraction harvested from the lower abdominal subcuta-
neous region. Following the second surgical stage, the previously
G. Nicoletti et al. / The Foot 24 (2014) 21–27 23
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Fig. 5. Case 2. Soft tissue repair with meshed split thickness skin graft showing closeig. 3. Case 1. Post-operative appearance after two  lipoﬁlling sessions: the improved
eel contour and trophism of the grafted skin are appreciated.
anufactured custom made shoe was modiﬁed according to the
ew static and dynamic postural requirements. The superﬁcial soft
issue depression was completely ﬁlled with improved trophism
nd elasticity of the grafted skin. The patient deﬁnitely discontin-
ed the use of crutches and referred the complete remission of the
ocal pain. At 3 years’ follow-up the result is stable (Fig. 3).
.1.2. Case 2
A 40-year-old male patient was admitted in our Unit for an acute
ost-traumatic soft tissue loss of the left foot for a road trafﬁc acci-
ent. The soft tissue loss involved the whole heel and the plantar
rch (Fig. 4). The patient underwent a thorough debridement and
epair with a mesh split thickness skin graft (Fig. 5).
Two years after the skin graft procedure, the foot was still unﬁt
or deambulation due to severe local pain and lack of stable native
eight bearing plantar soft tissues at the level of the heel. Rear-
oot instability was associated with a marked hyperkeratosis on the
lantar skin at the level of the metatarsal heads and of the lateral
argin of the sole.
The patient underwent lipoﬁlling of the skin grafted area with
0 ml  of puriﬁed adipose fraction harvested from the lower abdom-
nal subcutaneous region.
After manufacturing of a custom made shoe at the end of the
ost-operative rehabilitation protocol the patient progressively
ecovered deambulation with the aid of crutches and referred a
ig. 4. Case 2. Severe post-traumatic soft tissue loss of the left foot involving the
hole heel and the plantar arch.adhesion of the graft to the bone.
signiﬁcant reduction of the local pain. Ten weeks post-operatively
the skin graft appeared pliable, stable and trophic. Nevertheless
in the skin grafted areas a relevant surface depression was still
appreciated. Therefore a second lipoﬁlling session was carried out
12 weeks after the ﬁrst one with injection of 25 ml  of puriﬁed
adipose fraction harvested from the lower abdominal subcuta-
neous region. Injection involved the skin grafted areas and the
subcutaneous tissue in the native plantar skin at the level of the
metatarsal heads, too. Following the second surgical stage, the pre-
viously manufactured custom made shoe was modiﬁed according
to the new static and dynamic postural requirements. The super-
ﬁcial soft tissue depression was completely ﬁlled with improved
trophism and elasticity of the grafted skin. The patient deﬁnitely
discontinued the use of crutches and referred the complete remis-
sion of the local pain. At 3 years’ follow-up the result is stable
(Fig. 6).
2.1.3. Case 3
A 40-year-old male patient presented with a 15 mm × 10 mm
unstable ulceration on the site of a previous split thickness skin
graft on the outer side of the left heel associated with severe left foot
equinism and rearfoot instability preventing deambulation (Fig. 7).The patient referred a road trafﬁc accident occurred 2 years
before with post-traumatic soft tissue loss of the outer side of the
left heel that was  repaired with a split thickness skin graft. The
patient referred pain in foot pronation and supination. Oedema in
Fig. 6. Case 2. Post-operative appearance after two lipoﬁlling sessions: the improved
foot contour and calcaneal soft tissue padding are appreciated.
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operative rehabilitation protocol and the patient progressivelyig. 7. Case 3. Unstable ulceration on the site of a previous split thickness skin graft
n  the outer side of the left heel.
he foot and in the leg was associated with a marked hyperkeratosis
n the plantar skin at the level of the metatarsal heads and of the
emaining area of native plantar skin in the heel.
The patient underwent lipoﬁlling of the skin grafted area and
f the dorsum of the foot with 50 ml  of puriﬁed adipose fraction
arvested from the lower abdominal subcutaneous region.
A custom made shoe was manufactured at the end of the post-
perative rehabilitation protocol and the patient progressively
ecovered deambulation with the aid of crutches and referred a
igniﬁcant reduction of both the local pain and oedema.
Ten weeks post-operatively the plantar ulceration healed and
he skin graft appeared pliable, stable and trophic.
A second lipoﬁlling session was carried out 12 weeks after the
rst one with injection of 36 ml  of puriﬁed adipose fraction har-
ested from the lower abdominal subcutaneous region. Injection
nvolved the skin grafted area and the dorsum of the foot.
Following the second surgical stage, the previously manufac-
ured custom made shoe was modiﬁed according to the new static
nd dynamic postural requirements.
The superﬁcial soft tissue depression was completely ﬁlled with
mproved trophism and elasticity of the grafted skin. Furthermore
quinism and local oedema cleared up and rearfoot stability signif-
cantly improved.The patient deﬁnitely discontinued the use of crutches and
eferred the complete remission of the local pain. At 3 years’ follow-
p the result is stable (Fig. 8).
ig. 8. Case 3. Post-operative appearance after two lipoﬁlling sessions: the improved
eel contour and trophism of the grafted skin are appreciated.Fig. 9. Case 4. Unstable ulceration on the left heel at the junction between the native
plantar skin and a previous cross-leg fascio-cutaneous ﬂap.
2.1.4. Case 4
A 71-year-old male patient presented with a 20 mm × 20 mm
unstable ulceration on the left heel at the junction between the
native plantar skin and a previous cross-leg fascio-cutaneous ﬂap
that prevented weight bearing and deambulation (Fig. 9).
The patient referred an accident at work occurred 25 years
before with post-traumatic soft tissue loss of the whole left heel
that was  repaired with a cross-leg fascio-cutaneous ﬂap.
The patient underwent thorough debridement of the ulcer and
repair with a local transposition ﬂap harvested within the previous
cross-leg fascio-cutaneous ﬂap (Fig. 10).
Following such a repair several depressions and irregularities
were appreciated in the reconstructed heel and prevented an ade-
quate static and dynamic plantar weight bearing.
The patient underwent lipoﬁlling of the left heel with 36 ml
of puriﬁed adipose fraction harvested from the lower abdominal
subcutaneous region.
The patient was  then advised to keep avoiding both dynamic
and static plantar weight bearing in the operated foot for further 2
weeks after the lipoﬁlling procedure. A partial dynamic and static
plantar weight bearing was then allowed for the following 2 weeks.
A custom made shoe was  manufactured at the end of this post-recovered deambulation with the aid of crutches.
A second lipoﬁlling session was carried out 12 weeks after
the ﬁrst one with injection of 28 ml  of puriﬁed adipose fraction
Fig. 10. Case 4. Debridement of the ulcer and repair with a local transposition
ﬂap  harvested within the previous cross-leg fascio-cutaneous ﬂap. Depressions and
irregularities are still appreciated in the reconstructed heel contour.
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cig. 11. Case 4. Post-operative appearance after two  lipoﬁlling sessions: the
mproved overall heel contour is appreciated.
arvested from the lower abdominal subcutaneous region. Injec-
ion provided ﬁlling of some remaining depressed areas in the left
eel.
Following the second surgical stage, the previously manufac-
ured custom made shoe was modiﬁed according to the new static
nd dynamic postural requirements. Furthermore, a custom made
lantar insole was manufactured for ﬁtting in a sport shoe thus
llowing the patient to go back to cycling.
Lipoﬁlling signiﬁcantly reduced the soft tissue depressions and
rregularities in the left heel and allowed recovery of both static
nd dynamic plantar weight bearing.
At 3 years’ follow-up the result is stable (Fig. 11).
. Discussion
Lipoﬁlling is a particular technique of fat grafting, that has
ained an increased popularity in the last 20 years for both cosmetic
nd reconstructive purposes.
Since Zuk in 2002 demonstrated that human adipose tissue is a
ource of multipotent stem cells, literature has increased exponen-
ially on the characterization of fat derived cells and on the clinical
se of fat transfer for regenerative applications [5].
It is widely accepted that mature adipose cells act as biological
iche for mesenchymal stem cells with multi-potent differentia-
ion potential, the so called Adipose Derived Stem Cells (ADSC) [5].
evertheless the actual fate and effects of the grafted adipose tis-
ue after the process of transfer is still under study. The exact fate
nd effects of the grafted fat are supposed to be inﬂuenced by the
ariable contribution of different factors: a part of the native adi-
ose cells from the donor site survive the process of transfer; new
dipose cells might derive from the development and growth of
re-adipocytes from the graft; multipotent stem cells from the graft
ight develop and grow along many different cellular lines; the
aracrine release of growth factors by the Adipose Derived Stem
ells (ADSC) from the graft can stimulate the development and
rowth of many different cellular lines in the recipient site [6–8].
The effectiveness of lipoﬁlling in the treatment of scars has been
idely recognized over the last 5 years [9]. Lipoﬁlling may  therefore
rovide a regenerative boost in the recipient tissues with enhance-
ent of the local wound repair and tissue regeneration processes
10–12].
In our experience, the use of lipoﬁlling for the treatment of dis-
bling after effects following reconstruction of the sole allowed for
 signiﬁcant improvement of the functional–anatomical status of
he injured foot. The key for success was the close cooperation
etween the Plastic Surgery staff and the Orthopaedic Techni-
ian as the latter could manufacture custom made plantar insolesFig. 12. Left footprint before treatment.
and/or shoes that allowed the patients the best possible physi-
ological deambulation [13,14]. The accurate static and dynamic
podometric study could identify the actual plantar weight bear-
ing pattern in the injured foot. Comparison with the contralateral
healthy foot allowed for an accurate selective lipoﬁlling planning
aiming to improve the weight bearing pattern with eventual better
load distribution (Figs. 12–14).
Our study involved a quite homogeneous sample of patients
featuring a similar clinical picture with chronic stabilized post-
traumatic signs and symptoms: recurrent ulcerations, callus
formation, dry skin, rear-foot unbalance, metatarsal heads over-
load, malleolar oedema and pain.
Lipoﬁlling is a fat transfer without its native blood supply whose
survival relies on the recipient site vascular network. It is well
known that any graft takes according to a standard sequence of local
biological events pivoted by the growth of a new vascular network
from the recipient site to the graft. Post-operative immobilization
of a grafted site is the key to allow the establishment of these new
mutual vascular connections. In our experience we  applied to the
lipoﬁlling procedure the same post-operative local immobilization
protocol routinely in use for skin grafts in the leg and foot. For this
reason we  advised the patient to abstain from static and dynamic
plantar weight bearing for the ﬁrst 2 weeks after surgery, to apply
30% partial load in the following 2 weeks and to expect a full static
and dynamic plantar weight bearing at 6 weeks after surgery.
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lization.Fig. 13. Left footprint 1 year post-operatively.
The exact rate of take of an adipose graft is controversial in
he literature [15–21] and although a recent prospective long term
ulticenter study demonstrated with objective measurements a
5 ± 18% grafted fat survival [22] the ability to judge the overall
uccess of fat grafting remains limited [23]. Gentle surgical hand-
ing and centrifugation is the key for obtaining higher rates of graft
ake [2–4].
Lipoﬁlling proved to be a safe procedure in an increasing num-
er of clinical indications except in actual or potential tumour beds
here the “tumour–stroma interaction” can potentially induce
ancer reappearance by “fueling” dormant cancer cells [24]. Higher
isk of development of breast intraepithelial neoplasia patients and
ate local recurrence of osteosarcoma after lipoﬁlling have been
eported [25,26].
The current consensus is that the volume of injected fat might
e considered substantially stable at 50 days [27]. Therefore our
reatment with sequential lipoﬁlling was scheduled at 12 weeks’
ime interval and discontinued when a satisfactory stable clinical
esult was achieved. Two sequential lipoﬁllings sufﬁced to get such
 goal in all of our cases.
The assessment of the outcomes was carried out with a clinical
bservation by both the surgeon and the orthopaedic technician
ocusing on new shape stability, ulceration remission, hyperkera-
osis and oedema reduction, local tissue trophism improvement,Fig. 14. Left footprint 4 years post-operatively: weight bearing redistribution with
functional rehabilitation allowed eventual recruitment of the toes in the gait.
plantar load redistribution, pain reduction and deambulation
recovery.
Lipoﬁlling allowed for achievement of the following objectives:
- Increase of the weight bearing surface of the sole with subsequent
rear-foot re-balance. The improved plantar load redistribu-
tion allowed for an improved gait pattern with less traumatic
deambulation and subsequent reduction in callus formation
and ulceration recurrence. Furthermore such an improvement
allowed for an increase in the lower limb muscular pump with
a subsequent more efﬁcient lymphatic drainage and eventual
chronic oedema reduction.
- Signiﬁcant improvement of local tissue trophism with subtotal
pain remission.
- Manufacturing of a more effective custom made orthopaedic
device.
All of these results allowed for a progressive and completeThe main goal of our study was the assessment of the clini-
cal beneﬁts in a small group of patients with chronic stabilized
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ost-traumatic severe degree of functional impairment of the
oot. Therefore our report might be considered an evidence based
edicine experience.
. Conclusions
Lipoﬁlling proved to be an extremely effective and versatile sur-
ical technique for both reconstructive and regenerative purposes
n the injured foot. Our experience of close interaction between
he Plastic Surgery staff and the Orthopaedic Technician outlined a
uccessful multidisciplinary approach model for the post-traumatic
ehabilitation of the foot.
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